Background Helicobacter pylori (H. pylori) is considered to be the most important risk factor for gastric cancer (GC). The International Agency for Research on Cancer reported that H. pylori eradication could reduce the risk of developing GC. Several clinical studies have investigated this relationship as well; however, their results are inconsistent owing to the varied inclusion criteria. To address the effect of H. pylori eradication on GC incidence, we conducted a comprehensive metaanalysis with several subgroup analyses to resolve these inconsistencies. Methods We searched MEDLINE and Ichushi-Web to identify randomized control trial and cohort study articles (English or Japanese) through December 2016. Manual searches were also conducted to identify unlisted references in these databases. Eligible studies reported GC incidence as an outcome, with comparisons between H. pylori eradication and control groups. Subgroup analyses were conducted by country, conditions at baseline, and follow-up periods. Results We selected 28 studies among 1583 references in the databases and 4 studies by manual searches. The H. pylori eradication group showed significantly lower risk of GC [odds ratio (OR) 0.46; 95% confidence interval 0.39-0.55]. The subgroup analyses indicated that the beneficial effect of eradication was greater in Japan (OR 0.39; 95% CI 0.31-0.49), particularly among those with benign conditions (OR 0.32; 95% CI 0.19-0.54), although none of them was statistically significant. However, reduction of gastric cancer after eradication was significantly greater (p = 0.01) in the groups with long-term (5 years or longer) follow-up (OR 0.32; 95% CI 0.24-0.43) as compared to those with shorter follow-up (less than 5 years) (OR 0.55;. Conclusion Real world data showed that large-scale eradication therapy has been performed mostly for benign conditions in Japan. Since eradication effects in preventing gastric cancer are conceivably greater there, GC incidence may decline faster in Japan than expected from the previous meta-analyses data which were based on multi-national, mixed populations with differing screening quality and disease progression.
Introduction
Gastric cancer (GC) is one of the major cancers worldwide, with 952,000 new patients diagnosed in 2012 [1] . The incidence of GC in Korea, Japan, and China ranked first, third, and fifth in the world, respectively [2] . In Japan, GC was the third highest cause of mortality in 2016 and its incidence ranked first in 2013 among all cancers [3] .
Helicobacter pylori (H. pylori) is considered to be the most important risk factor for GC. In 1994, the International Agency for Research on Cancer classified H. pylori as a group 1 carcinogenic factor [4] . In 1998, a meta-analysis reported that H. pylori infection increases the risk of GC by approximately twofold [5] . In the past 2 decades, a number of clinical studies have been conducted to further prove whether H. pylori eradication therapy reduces the risk of GC. Several meta-analyses have been completed based on these studies, but the conclusions were inconsistent, because the inclusion criteria were variable [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
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For instance, Chen et al. [11] reported the pooled relative risk of GC in each study comparing eradication and control groups among individuals with intestinal metaplasia (IM) or dysplasia (designated as IM or beyond) to those without them (designated as before IM). The relative risk of GC was higher in those with IM or beyond, compared to those before IM, leading to the conclusion that patients with IM have passed a "point of no return". Hence, the benefit of risk reduction of GC through eradication therapy was lost. Lee et al. [12] demonstrated the association between the baseline GC incidence rate and the benefit of eradication therapy. The effect of eradication therapy was greater in populations with a higher baseline GC risk, particularly in those with an incidence rate higher than 150/100,000 person-years. They also mentioned that mass screening and eradication should be carried out in high-risk populations/areas. However, in their meta-analysis, they grouped the studies into low, intermediate, and high baseline incidence by tertiles of incidence rate in the groups not receiving eradication in each study. Therefore, the incidence rate reported in each study might not reflect the actual rates in the general populations/areas, as many studies included in the analysis evaluated patients treated for early neoplastic lesions. Some studies included patients in high-risk populations and others included those in low-risk populations, even though they were conducted in the same country. Moreover, the reason for the greater eradication effects in high-risk populations was not clearly explained. In contrast, exclusion of neoplastic lesions in studies conducted outside of Japan or Korea may not have been rigorous enough, since patients with more dysplastic lesions who would have been excluded in Japan might still have been enrolled in countries other than Japan or Korea. This could have resulted in an underestimation of the preventive effect of eradication on GC.
Therefore, I aimed to carry out a systematic review and meta-analysis to confirm the effect of H. pylori eradication therapy on the incidence of GC, particularly whether the effect is higher in geographical areas with high incidences of GC, as reported by Lee et al. [12] . I also aimed to investigate the causes accounting for any differences in incidence rates that were not completely explained in the previous studies.
Methods
This study is a systematic review and meta-analysis performed using data of randomized control trials (RCTs) and cohort studies according to the Cochrane [16] , PRISMA [17] and MOOSE [18] guidelines. The protocol was registered in PROSPERO (Registration Number: CRD42016035345). We used Review Manager 5 (The Cochrane Collaboration, Oxford, UK) for the meta-analysis.
Two collaborators (TT and WT) independently searched both MEDLINE and Ichushi-Web (Japanese database for medical literature) using the terms, as shown in Fig. 1 (translation of the terms for Ichushi-Web is available in the Supplementary Materials). The search was conducted on February 20, 2017 . Additional manual searches were also conducted by KS and TT to identify relevant papers, as shown in Fig. 1 . The criteria for inclusion were: (1) RCTs or cohort studies published in peer-reviewed journals in English or Japanese until December 2016; (2) studies that reported the incidence rate of GC as an outcome; and (3) studies that compared eradication and control groups, including individuals either with absence of eradication therapy or failure of administered eradication therapy, or both. In studies that used chemical preventive treatment for GC in addition to eradication therapy, individuals receiving only eradication therapy were included in the eradication group. Studies that did not have any control group, targeted non-human objects, and reported only protocols (without results) were excluded. Studies including individuals who had gastric adenoma (including low-grade dysplasia), GC, or a state of being unclear at baseline (defined as first day of the follow-up period after H. pylori eradication therapy), but who had not undergone endoscopic resection or endoscopic submucosal dissection were excluded. Studies with an observation period less than 1 year were also excluded. In the case of data that was ambiguous in the original article, the corresponding author was contacted. If no response was received from the author, data from other meta-analyses were used.
Data included the sample size, number of patients who developed GC in each group, the follow-up period (mean, median, or the longest observed period), condition at baseline, and method for GC detection were extracted from selected studies. The number of participants at baseline was used as the denominator. However, the number of participants remaining at the middle or end of the follow-up periods was used if the baseline number could not be obtained. Individuals who were diagnosed with dysplasia at baseline were excluded if the literature described their subsequent development of GC. Individuals who developed GC within 1 year from baseline were excluded from the denominator. Statistical heterogeneity among studies was evaluated with I 2 Higgins's classification, which assigns thresholds of low heterogeneity, moderate heterogeneity, and high heterogeneity to I 2 values of 25%, 50%, and 75%, respectively [19] . Because heterogeneity was not found to be statistically significant in the actual meta-analysis by the fixed-effects model, this model was considered appropriate and used to calculate the pooled odds ratio (OR) and 95% confidence interval (CI).
The incidence rate of GC varies in different countries [1] and the GC detection method and follow-up period were different across studies. The effect of the eradication therapy is reportedly affected by the condition of patients at the time of eradication [11] . Therefore, the subgroup analyses were also conducted to explore the potential heterogeneity as follows:
• By country: Japan, Korea, China, other countries.
• By condition at baseline: without GC, with GC.
• By follow-up period: less than 5 years vs. 5 years or longer.
With regard to the condition at baseline, we also conducted an analysis on Japanese studies including individuals with gastritis and those with peptic ulcer, examined with endoscopy. To align the screening method, data using radiological method for screening [31] were excluded from the subgroup analyses.
Potential publication bias was assessed using funnel plot, Eggers's test, and Begg's test. As a sensitivity analysis, the OR was calculated excluding the studies that were identified as outliers on the funnel plot.
Results

Literature search and data extraction
The search strategy yielded 1529 potentially eligible studies from MEDLINE and 54 studies from Ichushi-Web. Twenty-eight studies from MEDLINE and no studies from Ichushi-Web were selected from the extracted studies, and four studies [48] [49] [50] [51] were included based on the manual search. Thus, 32 studies were included in the meta-analysis (Fig. 1) . Three studies did not have data on the number of participants and/or GC. Therefore, we obtained the data for two studies [35, 38] from authors and one study [41] from a published systematic review article [12] .
Among the patients in the 32 studies, those diagnosed with dysplasia and indefinite dysplasia at baseline in 1 study [21] , and those who developed GC within 1 year from baseline in 3 studies [30, 31, 33] were excluded. Ultimately, a total of 31,106 individuals were included in this analysis. The follow-up period ranged from 1 to 17.4 years (the longest period for a study by Take et al. [37] ), and the mean age of the individuals ranged from 49.8 to 70.5.
Pooled data meta-analysis
In the pooled data, 316 (1.9%) cases of GC occurred among 16,301 individuals who received H. pylori eradication therapy, and 535 (3.6%) cases of GC occurred among 14,805 individuals in the control group. The OR of GC occurrence with eradication therapy vs. control therapy was 0.46 (95% CI 0.39-0.55) based on the fixed-effects model (Fig. 2) .
No heterogeneity was found between the studies (I 2 = 15%, p = 0.24). Uemura et al. [25] reported the lowest OR (OR 0.05, 95% CI 0.00-0.85), whereas Wong et al. [21] reported the highest OR (OR 3.28, 95% CI 0.13-81.33). As one paper utilized a radiologic screening method, we did Forest plot analysis excluding the data (supplementary Fig. 1) , which showed essentially similar results (OR 0.46; 95% CI 0.38-0.54).
Subgroup analysis by countries
As only one study from Japan employed radiological method for screening, I excluded this study throughout the subgroup analyses to align detection methodology. Among all 31 studies, 16 were conducted in Japan [24-30, 32-38, 48, 49] , 10 in Korea [39] [40] [41] [42] [43] [44] [45] [46] [47] 50] , 4 in China [20] [21] [22] [23] , and 1 in Colombia [51] . The subgroup of studies carried out in Japan had the lowest OR (OR 0.39; 95% CI 0.31-0.49), followed by Korea (OR 0.47; 95% CI 0.34-0.66), China (OR 0.62; 95% CI 0.42-0.91), and Colombia (OR 1.21; 95% CI 0.32-4.52) (Fig. 3a) . However, the differences between countries were not statistically significant (p = 0.10). We additionally conducted a subgroup analysis for the two countries that had lower ORs (Japan and Korea), as well as one subgroup analysis for the other two countries (China and Colombia). The OR in the combined subgroup including Japan and Korea, wherein the major data represented 26 studies on the effect of eradication on GC were accumulated, was lower than that in the subgroup including China and Colombia (OR 0.39; 95% CI 0.31-0.49 vs. OR 0.62; 95% CI 0.42-0.91, p = 0.04) (forest plot data not shown). (Fig. 3b) . In 17 studies that included individuals with GC at baseline [24, 27, 29, 32, 34, 35, 38, 40-47, 49, 50] , GC developed in 169 (5.3%) among 3213 individuals who received eradication therapy and in 274 (6.4%) among 4292 individuals in the control group. The OR comparing the eradication and control groups was 0.51 (95% CI 0.40-0.64) (Fig. 3b) . The Subgroup analysis by the length of follow-up (less than 5 years vs. 5 years or longer) was shown in d. All the subgroup analyses were done without including Yanaoka's data [31] , which utilized radiological method at screening. CI confidence interval, GC gastric cancer test for differences between the baseline conditions was not statistically significant (p = 0.23).
Among the Japanese studies that included individuals without GC, those with gastritis and peptic ulcer were extracted and analyzed. Four studies described the number of individuals in each baseline disease and subsequent GC development. All the individuals (327 from the eradication group and 495 from the control group) in the study by Watanabe et al. [33] and a part of the individuals (207 of 404 for the eradication group and 211 of 304 for the control group) in the study by Ogura et al. [28] were included as those with gastritis at baseline. The OR comparing the eradication and control groups was 0.21 (95% CI 0.06-0.67) in this subgroup (Fig. 3c) . The rest of the individuals in Ogura et al.'s study [28] , and all individuals in the two studies by Mabe et al. [30] and Take et al. [37] were analyzed as those with peptic ulcer, and the OR was 0.39 (95% CI 0.21-0.70) (Fig. 3c) .
The OR comparing the eradication and control groups for both gastritis and peptic ulcer was 0.32 (95% CI 0.19-0.54) (Fig. 3c) .
As the length of follow-up period might influence the outcome of eradication therapy, ORs between the two follow-up periods (less than 5 years vs. 5 years or longer) was analyzed. One paper [34] did not precisely describe the follow-up period, and thus was excluded from the analysis. The OR in the group with long follow-up periods was significantly lower (p = 0.01) (OR 0.32; 95% CI 0.24-0.43) than that (OR 0.55; 95% CI 0.41-0.72) of shorter follow-up group (Fig. 3d) .
Quality assessment
No publication bias was found according to Egger's test (p = 0.39) or Begg's test (p = 0.41). However, the study by Kato et al. [35] was detected as an outlier according to the funnel plot (Supplementary Fig. 2) .
A sensitivity analysis was performed excluding the study [35] that was detected as an outlier. The OR based on the pooled data meta-analysis was 0.44 (95% CI 0.37-0.52; I 2 = 0%).
Relationship between incidence and mortality of GC in each country
We analyzed the incidence and mortality data of GC in 11 countries in 2012 [2, 52] to examine their relationship. Korea and Japan, countries with higher incidences of GC (41.8/100,000 and 29.9/100,000), showed lower mortality/ incidence ratios (0.31 and 0.41) than the other countries, such as Taiwan (11.1/100,000 for incidence and 0.61 for mortality/incidence), France (4.7/100,000 and 0.62), and the USA (3.9/100,000 and 0.51) (Fig. 4) .
Discussion
This meta-analysis of 32 studies showed that H. pylori eradication therapy had a significant effect on reducing the incidence of subsequent GC with an OR of 0.46, although the countries, conditions at baseline, and follow-up periods varied among the studies. This result was consistent with other meta-analyses [7-9, 11, 12] . Thus, the present metaanalysis provided further robust evidence of the effect of eradication therapy.
Our subgroup analysis results showed that the effect of eradication therapy tended to be greater in countries with high incidences of GC, such as Japan and Korea. This finding not only corroborated with the meta-analysis that showed higher effects in the areas with higher incidence rates of GC [12] , but also extended the impact of eradication to country level.
In our subanalysis based on the Japanese studies, the eradication effect tended to be higher in individuals with gastritis than those with peptic ulcer at baseline. The average age of subjects in benign conditions [52.1 ± 0.7, mean (M) ± standard error (SE)] as compared with that of patients with neoplasia (64.8 ± 0.8, M ± SE), supporting that a greater eradication effect can be expected when doing eradication therapy earlier age period preferably before irreversible changes in the mucosa occur as no beneficial effect of eradication therapy in preventing metachronous GC has been reported, particularly in individuals with IM or dysplasia [53] . Chen et al. [11] concluded in their meta-analysis that the overall reduction of GC risk was mainly attributed to preventing progression in patients with condition before IM at baseline. Transformations to malignancy may be difficult to prevent in those with IM or dysplasia. We did not compare the effect between subjects with and without IM. However, the difference in condition at baseline is one of the possible reasons for the difference in the effect of eradication among countries. Thus, inclusion of subjects with neoplastic lesions, such as dysplasia [20, 21] , would have depreciated the effect of eradication on GC development. In other words, the pre-cancerous conditions or early-stage GC at baseline that had been missed in countries with inferior endoscopic methods of detecting early lesions might develop into macroscopically visible cancers during the follow-up period, resulting in higher incidence of GC after eradication therapy, as compared with Japan and Korea. Indirect support for early detection would lead to better survival [54, 55] , and indeed, lower mortality/incidence ratio (Fig. 4) , a surrogate marker for early curable lesions, was reported in these two countries.
An RCT published after completion of our analysis reported that patients who received eradication therapy following endoscopic resection of early GC or high-grade adenoma showed greater improvement in the grade of gastric corpus atrophy, as well as lower rates of metachronous GC than those who received placebo [56] after a long-term follow-up. Furthermore, Choi et al. recently published new data showing effectiveness in reducing gastric cancer by H. pylori eradication after a prolonged follow-up [57] and changed their previous negative conclusion on the effect of eradication in preventing metachronous gastric cancer [43] . Similar effect of follow-up period on the outcome of eradication effect was also presented in a famous trial conducted in China [22] . Our subgroup analysis showing greater risk Fig. 4 Incidence and mortality/incidence of gastric cancer (age-standardized) in each region/country in 2012. Data from Taiwan Cancer Registry [52] for Taiwan and GLOBOCAN [2] for other countries were used. Incidence and mortality in Taiwan were age-standardized to world standard population in 2000 (those of other countries were age-standardized to that in 2012) reduction of gastric cancer in the groups with prolonged follow-up period is consistent with these reports.
This meta-analysis has several limitations. First, the data were extracted from only studies published in English or Japanese. Those written in other languages, such as Korean and Chinese, were not included. A meta-analysis including more studies written in other languages may help to build further robust evidence. Second, most of the studies conducted in Japan and Korea included more individuals with the condition before IM than those with IM or beyond. Conversely, Chinese studies included more individuals with IM or beyond than those with the condition before IM. Thus, the effects of incidence rate and condition at baseline were not comparable. When more data are available in China and other countries, another meta-analysis should be performed to examine the impact of those factors on OR. Third, the data that dealt the eradication effect in benign conditions were limited. Thus, although the effect of eradication in benign conditions numerically showed higher preventive effect as compared with that in malignant conditions, but it did not reach statistical significance requiring additional data for more robust conclusion. Nevertheless, this meta-analysis will provide a basis for estimating the magnitude of the preventive effect of eradication therapy on GC following insurance approval for H. pylori-related conditions in Japan.
In conclusion, this meta-analysis strengthens the evidence for the potential of eradication therapy to reduce the risk of GC in nations with high incidence rates of GC. Early identification of individuals with pre-cancerous gastric conditions and GC at enrollment using endoscopy might play a significant role in improving the effect of eradication therapy. This result corroborates the meta-analysis by Lee et al. [12] . However, they only described the association between the incidence of GC in specific areas (but not in entire countries) and the effect of eradication therapy, and they did not show the causality. In the present meta-analysis, we considered the difference in endoscopic techniques in the different countries and found higher incidences of GC in the areas with superior endoscopic detection of early lesions. This is exemplified by the higher survival rate of GC (namely, low mortality/ incidence rate) and the number of endoscopic GC resections, which is an index of detection skill for mucosal cancers. One of the reasons for the association between the incidence of GC and the effect of eradication could be accounted for if the incidence of GC and the consequences of endoscopic examination are considered.
